Plasma concentrations of N-terminal pro-brain natriuretic peptide (NT-proBNP) are raised in patients with left ventricular dysfunction. Measurement of this peptide has a potential diagnostic role in the identification and assessment of patients with heart failure. The stability of this peptide over time periods and conditions pertaining to routine clinical practice has not been reported previously. Blood samples were obtained from 15 subjects. One aliquot was processed immediately, and the remaining portions of the blood samples were stored for 24 h or 48 h at room temperature or on ice prior to processing. Plasma concentrations of NT-proBNP were measured with a novel immunoluminometric assay developed within our laboratory. Mean plasma concentrations of NT-proBNP were not significantly different whether blood samples were centrifuged immediately and stored at k70 mC or kept at room temperature or on ice for 24 h or 48 h. The mean percentage differences from baseline (reference standard) were j5.2 % (95 % confidence interval j18.2 to k7.8 %) and j0.8 % (j15.2 to k13.7 %) after storage for 24 h at room temperature or on ice respectively, and j8.9 % (j24.2 to k6.5 %) and j3.2 % (j15.1 to k0.9 %) for storage for 48 h at room temperature or on ice respectively. Pearson correlation coefficients for baseline NT-proBNP concentrations compared with levels at 48 h at room temperature or on ice were r l 0.89 and r l 0.83 respectively (both P 0.0001). Thus NTproBNP extracted from plasma samples treated with EDTA and aprotinin is stable under conditions relevant to clinical practice.
INTRODUCTION
Heart failure, defined as symptomatic left ventricular systolic dysfunction (LVSD) [1, 2] , affects up to 500 000 people in the U.K. [3] [4] [5] . The incidence of this condition is expected to rise substantially over the next 10 years [6] . Furthermore, the prevalence of asymptomatic LVSD rivals that of symptomatic LVSD [1] . Heart failure mortality data are comparable with those for severe malignant disease. Five-year survival rates are 25 % in men and 38 % in women [7] .
The adequacy of clinical diagnosis of heart failure is poor, with reported levels of false-positive diagnoses ranging from 30 to 50 % [8] . Improved diagnosis of symptomatic or asymptomatic LVSD would allow for earlier intervention of known therapeutic benefit, namely use of angiotensin-converting enzyme inhibitors [9, 10] .
Plasma levels of N-terminal pro-brain natriuretic peptide (NT-proBNP) are elevated in stage 1 of heart disease (NYHA criteria) [11] , and the proportional and absolute levels of NT-proBNP exceed those of BNP-32 (BNP containing 32 amino acids in the peptide chain) in patients with cardiac impairment [11] . NT-proBNP is a potentially more discerning marker of cardiac impairment than BNP-32. Interest has therefore centred on the potential role that natriuretic peptides may play as aids to the diagnosis of LVSD. However, central to the widespread applicability of a biochemical test in determining the degree of functional cardiac impairment is the stability of the marker itself. In view of this, we set out to assess the stability of NT-proBNP over a set of various time scales and conditions.
METHODS

Materials
The methyl acridinium ester [4-(2-succinimidyloxycarbonylethyl)phenyl-10-methylacridinium 9-carboxylate fluorosulphonate] was a gift from Dr. Stuart Woodhead and Dr. Ian Weeks (Molecular Light Technology Ltd., Cardiff, Wales, U.K.). Paramagnetic particles coated with goat anti-(rabbit IgG) were from Metachem Diagnostics Ltd. (Northampton, U.K.). The C ") plasma extraction columns were obtained from Peninsula Laboratories. Assays were performed using a Berthold Autolumat LB953 luminometer.
Subjects
A total of 15 subjects (nine male\six female ; median age 62 years ; range 21-84 years) were enrolled for involvement in the study. Of these, seven subjects had a confirmed diagnosis of an acute myocardial infarction, three subjects had a diagnosis of unstable angina, and five others had no cardiovascular history. All subjects gave informed consent for the study, which was approved by the local ethical research committee.
Collection and storage of blood samples
Patients remained in a relaxed supine position for 20 min prior to blood sampling. A sample of 25 ml of peripheral venous blood was drawn from an antecubital fossa vein of each subject and collected into pre-chilled polypropylene tubes containing EDTA (1 mg\ml of blood) and aprotinin (500 kallikrein-inhibitory units\ml of blood), and placed immediately on ice.
Each blood sample was divided into five 5 ml aliquots. One aliquot was centrifuged (2700 g for 10 min at 4 mC) and the plasma was stored at k70 mC within 30 min of collection. Other blood samples were stored for 24 or 48 h at room temperature or on ice, and then separated and stored at k70 mC. The average room temperature measured at 10.00 and 17.00 hours on each day was 24 mC.
Plasma extraction was required prior to assay. C ") plasma extraction columns were primed with 1 ml of 60 % (v\v) acetonitrile\1% (v\v) trifluoroacetic acid (TFA) in water, followed by 9 ml of 1 % (v\v) TFA.
Plasma samples were thawed, acidified with an equal volume of 1 % (v\v) TFA and loaded on to the cartridges. Columns were washed with 6 ml of 1 % (v\v) TFA and eluted with 2 ml of 60 % (v\v) acetonitrile\1% (v\v) TFA in water ; the solvent was then evaporated to dryness under vacuum. Samples were stored at k70 mC until assay.
Immunoluminometric assay for NT-proBNP
All samples were assayed within 4 weeks of collection, and all samples from each patient were processed simultaneously. NT-proBNP was measured with a novel immunoluminometric assay previously developed within our laboratory [12] . We used an in-house rabbit anti-(human NT-proBNP) polyclonal antibody directed against a domain in the C-terminal section of NTproBNP (amino acids 65-76). The peptide was labelled using the chemiluminescent label 4-(2-succinimidyloxycarbonylethyl)phenyl-10-methylacridinium 9-carboxylate fluorosulphonate [12] . All samples were assayed in duplicate, and the average of the two measurements is reported. The assay has been demonstrated to be specific for NT-proBNP, and unreactive with atrial natriuretic peptide, BNP or C-type natriuretic peptide [12] . The within-assay and between-assay coefficients of variation were 3.0 % and 11.2 % respectively (at 30 fmol\tube).
Coefficients of variation between and within assays as previously reported are acceptable for a competitive assay [12] .
Statistical analysis
All analyses of NT-proBNP concentrations were carried out after logarithmic transformation, as the data were not normally distributed. Differences among the various approaches for handling the samples before storage at k70 mC were assessed by analysis of variance and the paired t test, and corresponding 95 % confidence intervals are reported. These confidence intervals were transformed into percentage differences to aid interpretation. All statistical analyses were carried out using the software package Minitab (Minitab Inc.). Values with P 0.05 were considered significantly different.
RESULTS
Plasma NT-proBNP concentrations ranged from 90 to 557 fmol\ml (mean 226.8 fmol\ml) at baseline (normal range 200 fmol\ml [12] ). There were no significant differences in mean plasma concentrations of NT-proBNP between samples that were processed immediately and those that were kept at room temperature or on ice for 24 h or 48 h (Table 1) .
Pearson correlation coefficients for baseline NTproBNP levels (reference standard) compared with levels at 24 h in samples kept at room temperature or on ice Stability of N-terminal pro-brain natriuretic peptide The data have been logarithmically transformed.
were r l 0.86 and r l 0.78 respectively (P 0.0001 and P l 0.001 respectively). Pearson correlation coefficients for baseline NT-proBNP levels compared with levels at 48 h in samples kept at room temperature or on ice were r l 0.89 and r l 0.83 respectively (both P 0.0001) (Figures 1 and 2 ).
DISCUSSION
To our knowledge, this is the first study assessing the stability of NT-proBNP under conditions pertaining to those applicable in routine clinical practice. Our results demonstrate that NT-proBNP is stable in whole blood treated with EDTA and aprotinin for up to 48 h both at room temperature and when stored on ice. We therefore conclude that the stability of NT-proBNP confers the potential for its introduction into wider clinical practice as an additional tool in the assessment of left ventricular systolic function. The relevance of this conclusion is heightened because of the potential superiority NTproBNP has over BNP-32 as a marker of LVSD [11] The potential applications of the assay of NT-proBNP are widespread. Circulating levels of NT-proBNP measured 2-4 days after acute myocardial infarct have already been shown to predict left ventricular function and 2-year survival [13] . Thus routine assay of NTproBNP may assist in the risk stratification of the postinfarct population, a group clearly at high risk of progressing to symptomatic heart failure. However, the prolonged stability of NT-proBNP will also facilitate its use by community-based general practitioners for diagnostic assessment of patients with suspected LVSD, when access to investigations such as echocardiography or radionuclide ventriculography are limited by expense, inconvenience or availability of equipment or expertise.
The use of a biochemical marker will clearly not completely replace established methods of assessing ventricular dysfunction, such as echocardiography and radionuclide ventriculography. However, circulating levels of NT-proBNP may identify those patients (particularly when aimed at high-risk individuals) in whom further investigation is required, and is an additional aid to clinical assessment alone. This would limit inappropriate and unnecessary investigations, and moreover would allow for the earlier identification of patients with either symptomatic and asymptomatic LVSD. Such a strategy would facilitate the introduction of therapies of proven therapeutic benefit [9, 10] , such as angiotensinconverting enzyme inhibitors, at a time when the potential for clinical benefit is at a maximum. Equally, normal levels of NT-proBNP may identify those patients with preserved left ventricular function in whom cardiovascular investigations are not indicated.
The results of this work are encouraging. The potential use of the assay of NT-proBNP as an aid to the identification of patients with LVSD, especially in general-practice-based screening programmes, requires further and more detailed investigation.
